SUMMARY The activities of the lysosomal enzymes acid and neutral protease, N-acetylglucosaminidase, and acid phosphatase were measured in the serum of patients with fulminant hepatic failure. Acid protease (cathepsin D) activity was increased about tenfold in patients who died and nearly fourfold in those who survived fulminant hepatic failure after paracetamol overdose, whereas activities were increased equally in patients with fulminant hepatic failure due to viral hepatitis whether or not they survived. A correlation was found between serum acid protease activity and prothrombin time, and the increase in cathepsin D activity was sustained over several days compared with aspartate aminotransferase, which showed a sharp early peak and then a fall. Circulating lysosomal proteases can damage other organs, and measurement of their activity may therefore be of added value in assessing prognosis in this condition.
The protection of cells from the activity of acid hydrolases by inclusion of the enzymes within lysosomes was first described by de Duve et al. in 1955.1 Since then it has been shown that rupture of the lysosomal membranes causes extensive damage to the cell contents and that in the advanced stages of hepatocellular necrosis these enzymes are released into the circulation. Thus Slater and Greenbaum2 found increased serum acid phosphatase activity [3] [4] [5] hours after the oral administration of the hepatotoxin carbon tetrachloride to rats. Liver ischaemia and hypoxia also increase the activity of plasma lysosomal enzymes,34 as does impaired perfusion of the splanchnic area due to any form of shock.5
The object of this study was further to assess changes in plasma lysosomal enzyme activity during the course of hepatic necrosis and their relationship to other indices of hepatic damage.
Patients and methods
Plasma samples (6 ml blood added to 1 ml 3-8 citrate) were collected on admission and daily thereafter from 40 patients with fulminant hepatic failure (FHF). Control samples were collected in an identical manner from (a) normal laboratory staff and (b) 40 ward patients with alcoholic cirrhosis. Plasma Accepted for publication 25 June 1980 samples were prepared immediately after collection of blood and stored at -20'C until used.
Plasma acid protease (cathepsin D) and plasma neutral protease activity were measured by incubating 0 5 ml plasma for three hours with denatured bovine haemoglobin (50 mg/ml) in 0-1 M acetate buffer, pH 3-6, and 0.1 M phosphate buffer, pH 70, respectively. The reaction was terminated by adding 0 5 M trichloroacetic acid, and the tyrosine liberated by the protease activity was quantified at 660 nm using the blue colour produced by reaction with Folin-Ciocalteau reagent in alkaline solution. Acid and neutral protease activities were expressed as ,ug tyrosine released per ml plasma per hour after subtraction of unincubated blank values. Standardisation was achieved using solutions of known tyrosine content.
In most cases plasma N-acetylglucosaminidase (NAG) and plasma acid phosphatase (AP) activities were also measured by fluorimetric techniques. NAG activity was assayed in 0-1 ml plasma samples in 0 5 M citrate buffer, pH 4 5, incubated with 0-1 ml of 4-methyl umbelliferone pyranoside (0-1 mg/ml) at 37°C for 30 minutes.6 The reaction was terminated by adding 3 ml 0-05 M glycine buffer, pH 10-4, and the fluorescence read at 450 nm using an excitation wavelength of 360 nm. Acid phosphatase was assayed in a similar way using 4-methyl umbelliferone phosphate in 0-05 M acetate buffer, pH 5-0.7 Fluorescence standardization was achieved by use of an aqueous solution of quinine sulphate (4 mg/I).
Results
Acid and neutral protease activities in the serum of patients admitted after paracetamol self-poisoning were increased nearly tenfold on the day of admission in those patients who subsequently died but only fourfold in those patients who survived (Table 1) . Those patients who died had persistently high protease activities for the 3-5 days before death, whereas activities decreased in those patients who recovered (Fig. 1, Table 1 ). Aspartate aminotransferase activity showed a sharp early peak and then fell over the next three days. No difference was found between survivors and non-survivors (Table 2) . Serum acid and neutral protease activities were increased by the same amount in survivors and non-survivors of FHF activity of cathepsin D on the day of admission (usually the third or fourth day after paracetamol ingestion) also showed a weak correlation with the serum aspartate aminotransferase activity measured simultaneously (r = 0-46, p < 0-01).
Discussion
Measurement of plasma acid protease activity could 6-9 3-Ot be of value in assessing the extent of hepatic necrosis 14-9 8-6t § in referral units, where patients may arrive late in 8-8 3-2t the course of their illness. There is as yet no 
